cardiac anomalies and their effects on outcome was also studied.
METHODS
A prospective descriptive study was planned to conduct in the Department of Paediatric Surgery, Institute of child health and hospital for Children, Egmore, Chennai, among all babies with suspected duodenal obstruction based on clinical symptoms and subsequently proven by surgery from September 2013 to January 2015. Fifty babies were selected for this study based on the eligibity criteria.
Inclusion criteria
Neonates with or without antenatal scans and presenting with bilious vomiting at birth and laparotomy proven duodenal obstruction within this study period.
Exclusion criteria
Patients with malrotation and other forms of GI atresia were excluded.
Babies presenting with bilious vomiting at or soon after birth were admitted and prospectively evaluated for the cause of vomiting. X-ray abdomen, USG abdomen in all patients and barium meal study in some of the doubtful cases were done. Clinical profile was analyzed by taking detailed history regarding consanguinity, antenatal scans, polyhydramnios, premature birth, comorbidities like Down's syndrome and family history. Detailed clinical examination was performed and operative procedure depending on the cause of duodenal obstruction like atresia, membrane with whole or annular pancreas was done. The role of the time of diagnosis, patient factors, time of intervention, operative techniques on the postoperative outcome was studied.
Investigation protocol
Babies with antenatal scan suggestive of polyhydramnios and dilated stomach presenting with bilious vomiting are initially resuscitated with IV fluids and nasogastric tube inserted. A plain X-ray abdomen was taken and if it showed "double bubble" sign, the neonates were taken for emergency laparotomy and proceed.
If the newborn was clinically stable with no antenatal scans and the plain skiagram was not contributory, they were subjected to an USG abdomen with colour Doppler. The radiologist specifically looks for the dilated stomach and proximal duodenum and collapsed loops beyond that. An altered SMA/SMV axis is often noted suggestive of a coexisting malrotation with duodenal obstruction. The USG scan also picks up conditions like annular pancreas. Rarely, a pre-duodenal portal vein may be identified in a doppler study. If the clinical symptoms were consistent with duodenal obstruction and ultrasound doppler abdomen features are suggestive, the patient was again taken up for exploration. If either the clinical scenario or Ultrasound was equivocal then the patient underwent an upper gastro intestinal contrast study.
Barium meal follow through (BMFT) is the contrast study of choice used in our institute for doubtful cases. Early AP/PA/RAO films show the size of the stomach and duodenum, position of DJ flexure in relation to the vertebral body and the gastric outlet, and the side of the early jejunal loops. Late films show the position of caecum. The BMFT mainly diagnoses other causes of duodenal obstruction such as the ampullary membrane with a hole. 4 There is dilated stomach and duodenum with a narrowing at the second part and trickling of contrast down the lane.
The "wind sock" sign is a special condition where the duodenal membrane at the ampulla bulges down if the third or fourth portion of the duodenum and shows apparent obstruction distally. This sign is also suggestive of a duodenal membrane with a hole.
Surgical management
All babies underwent the standard Laparotomy and Kimura's diamond shaped duodeno-duodenostomy for correction of duodenal obstruction. The newborn with duodenal membrane underwent duodenotomy, membrane excision and closure. A tapering duodenoplasty was done occasionally in a hugely dilated proximal duodenum. Rarely, asymptomatic patients with positive radiologic findings, a diagnostic laparoscopy was contemplated to decide upon the need for surgery.
RESULTS
The study comprised of fifty babies who were admitted and operated for congenital duodenal obstruction from September 2013 to December 2015 who satisfied the inclusion and exclusion criteria. Table 1 presents demographic and baseline characteristics of the babies. Congenital duodenal obstruction commonly presents in the new born period, with 84% (42) in this study presented on the first day of birth followed by 12% (6) presented within the first week and 4% (2) within the first year of life. In this study, congenital duodenal obstruction appears to be slightly more frequent in female children (28 patients) than in males (22 patients) in the ratio of 1.27:1. Among the 20 term babies, 13 were appropriate for gestational age with a birth weight of more than 2.5 kg and out of the 30 preterm babies 22 were more than 1.5 kg. Consanguineous marriage was found in only 22 (44%).
Antenatal scan finding of polyhydramnios and double bubble appearance are suggestive of duodenal obstruction. In this study, only 12 patients had an antenatal diagnosis of duodenal obstruction. One patient The symptoms of the patients were documented and according to their commonly shown symptoms they were distributed. The reports are given in Table 2 . Bilious vomiting at birth and inability to feed was the most common symptom observed in 41 patients (82%). 5 patients presented primarily with symptoms of delayed vomiting and subsequently diagnosed to have duodenal membrane after barium meal study and confirmed during surgery. Extreme low birth weight and prematurity can result in an asymptomatic baby even with a significant duodenal obstruction and an incidental finding of duodenal atresia. Among the 48 neonates 42 of them presented within 1 day of onset of symptoms and 3 patients presented within 3 days. Two babies presented beyond the newborn period. One was a case of annular pancreas and was found during evaluation for nonbilious vomiting. The other child was a case of duodenal membrane with a hole and presented a 3rd month of age with failure to thrive. X-ray abdomen was suggestive of duodenal obstruction if a dilated stomach and dilated duodenum with relative paucity of air or absence of air in small and large bowel was found. Double bubble sign, although suggestive of duodenal atresia, when associated with bilious vomiting a differential diagnosis of malrotation was also considered. The radiological study reports are shown in Table 3 . Out of the 50 patients in whom the primary diagnosis was congenital duodenal obstruction, x-ray abdomen was suggestive in 35 patients (70%). Of note is the appearance of gas in the small bowel, which was absent even in the doubtful cases. The presence of dilated stomach should also alert the surgeon regarding the possibility of duodenal obstruction in the neonate. Among the 35 patients with suggestive X-ray, duodenal obstruction was confirmed at the time of surgery in all the cases and was invariably due to duodenal atresia except for 2 cases. Double bubble sign was present in 35 patients. All 35 of them were taken for laparotomy after an USG abdomen. Thirty-two had intrinsic duodenal obstruction and underwent Laparotomy and Kimura's duodeno-duodenostomy. Two patients had malrotation with preduodenal portal vein and one patient had duodenal stenosis. All fifty patients had an ultrasound abdomen even though some had an antenatal diagnosis and plain skiagram finding of double bubble appearance. This was done to identify coexisting anomalies like malrotation in some babies and other genitourinary anomalies. SMA/SMV axis was altered in 6 patients (12%) making ultrasound a sensitive tool in diagnosing malrotation as a coexisting anomaly. One of the 6 patients also underwent an upper gastrointestinal contrast study to confirm malrotation whereas the other 5 patients were operated based on ultrasound findings alone.
Among the 50 patients who underwent USG abdomen, 45 had positive ultrasound findings (90%) and only five patients (10%) required further investigations for diagnosis. As stated earlier, one patient initially diagnosed as duodenal atresia was found to be a case of duodenal stenosis and another turned out to be a Genitourinary anomaly was found in 2/50 patients accounting for roughly 4% of cases. Associated anorectal malformation was present in one patient roughly 2% of cases. The sensitivity of USG abdomen in diagnosing coexisting anomalies is represented in the above shown bar diagram. Rarely USG abdomen also picked up one case of duodenal stenosis preoperatively in this study.
Barium meal follow through (BMFT) is the investigation of choice for patients with suspected duodenal membrane with a hole. The presence of a dilated stomach and duodenum with a tapering at the level of second part of the duodenum is a characteristic appearance in an upper GI contrast study. Beyond the level of obstruction, there will absence of barium or there will only be a trickling of barium in to the distal small bowel.
BMFT was done in a total of 07 patients (14%). Barium enema was done in one baby with suspected associated hirschsprungs disease. There was no transition zone demonstrated in that patient. CT abdomen was not required for diagnosis in any of the neonates. The results of contrast radiograph are summarized Figure 1 . Contrast study is 100% sensitive in detecting duodenal membrane with hole. All the 5 patients in our study were diagnosed preoperatively by a barium meal follow through study. The BMFT study also diagnosed 3 patients with coexisting malrotation preoperatively. It thus accounts roughly for 50% of the cases of coexisting midgut malrotation. Kimura's diamond shaped duodeno-duodenostomy procedure was done in open method in all 45 patients. In patients with duodenal membrane, duodenotomy, membrane excision and duodenotomy closure was done. The intra-operative findings confirmed the pre-operative diagnosis in most of the patients.
Two patients underwent surgery in the immediate postoperative period. One was done for persistent vomiting after feeds and diagnosed as persistent feed intolerance. Another patient was operated for leak from the anastomotic site and a re-look laparotomy was done and the baby underwent reanastamosis and survived.
Figure 2: BMFT findings (N=7).
Mortality rate was 12% as 6 patients died during treatment. The results are shown in Table 4 . The primary diagnosis in them included duodenal atresia and Down's syndrome in 4 patients, Membrane with hole only in 1 patient and presented late with severe dehydration and shock. One new born had preduodenal portal vein with large ventricular septal defect. The cause of death was sepsis and shock in 1 patient, congenital heart disease in 5 patients of which four patients had associated Down's syndrome. 
DISCUSSION
Congenital duodenal obstruction was extensively evaluated in 1929, when Kaldor published his experience and identified nearly two hundred and fifty patients with duodenal atresia. 5 However at that time there were only totally nine survivors. This study is the first in our institute aimed at evaluation of all the variables from epidemiology to management of congenital duodenal obstruction.
Congenital duodenal obstruction found in the new born period, with 84% in this study. Similar reports were published previously. 6 The incidence of duodenal atresia roughly varies between 1:6000 to 1:10000 of the live births as per the literature. 7 There is no genetic anomaly or gene defect identified to be associated with duodenal atresia so far. The frequent association with the Down's syndrome and the sibling studies show that there is a likely relationship with a single gene defect that is yet to be identified. Comparable results were reported by Choudhry et al. 8 In the present study we survival rate was 88%. But Choudhry and co researchers found 96% survival rate in 65 neonates with duodenal atresia. 8 However, one out of two of the deaths in our study were due to late presentation in a baby with duodenal membrane and another in a newborn with preduodenal portal vein and multiple congenital anomalies. Hence, a direct comparison with the other studies cannot be made. Only an inference can be taken.
In this study, the cause of death in case of membrane with hole is the very late presentation. The baby had already gone in for severe dehydration and shock prior to resuscitation and followed a spiral downhill course after the surgery. The coexisting cardiac anomalies were the cause of death in babies with coexisting Down's syndrome.
Sarin et al has published a large series of duodenal web in the neonatal surgery journal in the year 2012. 9 In comparison to the present study, they had reported a total of 18 neonates against our statistics of 5 patients. The mean age of presentation of duodenal membrane in our study was roughly 5 days after birth which was in comparison to that the study by Sarin et al. 9 Some probable causes for delay in clinical presentation include most of the cases were referred from remote villages, the absence of facilities of good antenatal scans and early feed tolerance on the first day has also led to the late referral. Two patients referred late did not have a classical plain X-ray feature of "double bubble"
appearance. In such case instilling about 30 to 40 ml air and taking the X-ray film can help in clinching the diagnosis. Lack of parental education and awareness also has led to the delay in presentation of these cases. The delayed presentation is also notorious for increasing the mortality rate.
The Kimura's diamond shaped duodeno-duodenal anastomosis is a wide anastomosis where a transverse incision is made in the proximal dilated duodenum and a longitudinal incision is made in the distal collapsed duodenum. In another technique, the proximal duodenum is partially excised and tapered with a longitudinal suture line to allow early peristalsis. This is proven to avoid the complication persistent feed intolerance following the conventional procedure. This procedure was also done for one baby.
Duodenojejunal anastomosis was previously done before the advent of duodeno-duodenostomy. This is usually avoided as it creates a big blind loop. However, in an extreme preterm infant it can be done. In the present study, it was done in one patient. All babies with duodenal membrane underwent duodenotomy, membrane excision and duodenotomy closure. Seven of the babies in our study were found to have coexisting malrotation and underwent Ladd's procedure in addition. Post-op feed intolerance is an irritable complication both to the neonate and the operating surgeon. There is no clear role for duodenoplasty in all cases and management protocol is still evolving. 10 Mortality rate was 12% as 6 patients died during treatment. The primary diagnosis in them included duodenal atresia and Down's syndrome in 4 patients, membrane with hole only in 1 patient and presented late with severe dehydration and shock. One new born had preduodenal portal vein with large ventricular septal defect.
The survival rate for these anomalies which was dismal previously has improved in the recent days and has reached up to 95%. 11 In the present study also including only cases of duodenal atresia, the mortality rate is only 8% which is comparable with the international standards. There are some factors such as lack of elective ventilators for some patients, lack of one to one nursing care and complete aseptic precautions which also add to the mortality in these newborns undergoing such major surgeries. Hence, giant strides are needed in the infrastructure, health spending, and commitment of the medical and paramedical staff and improved equipments in the newborn surgical care to take the present challenging work much forward.
CONCLUSION
Duodenal obstruction is a common cause of intestinal obstruction in newborns. Duodenal atresia presents more commonly in neonates, especially in the first day of life as an acute emergency. Bilious vomiting is the most common presenting symptom. A plain x-ray abdomen with dilated stomach and duodenum with paucity of air shadow distally in symptomatic patients is usually associated with duodenal obstruction. Malrotation with volvulus had to be ruled out.
Prenatal diagnosis of duodenal obstruction is increasing with the routine use of antenatal scans. An altered orientation of superior mesenteric vessels is a very useful screening finding for associated malrotation, which when combined with contributory clinical findings can form an indication for surgery directly without contrast radiography.
Upper gastrointestinal contrast radiography is the gold standard investigation in diagnosing duodenal membrane with a hole. The type of surgery such as the duodenoplasty, duodenoduodenostomy or duodenojejunal anastomosis did not affect the post-op outcome.
Among the associated diseases malrotation, Down's syndrome, genitourinary anomalies, congenital heart disease are commonly found. Anastomotic leak should be kept in mind in every case of duodenal obstruction with post op signs of abdominal distension, bilious NG aspirate and tenderness.
The short-term outcome of patients who underwent uncomplicated Kimura's procedure is good; especially the early intolerance of feeds is less than that reported in literature. However, long-term follow-up is warranted to know the actual incidence of requirement for redo procedure for feed intolerance. The presence of coexisting Down's syndrome and congenital cardiac lesions increases the mortality rate in these children.
